RegulonDB is a database on transcription regulation and operon organization in Escherichia coli. The current version describes regulatory signals of transcription initiation, promoters, regulatory binding sites of specific regulators, ribosome binding sites and terminators, as well as information on genes clustered in operons. These specific annotations have been gathered from a constant search in the literature, as well as based on computational sequence predictions. The genomic coordinates of all these objects in the E.coli K-12 chromosome are clearly indicated. Every known object has a link to at least one MEDLINE reference. We have also added direct links to recent expression data of E.coli K-12. The version presented here has important modifications both in the structure of the database, as well as in the amount and type of information encoded in the database. RegulonDB can be accessed on the web at URL: http://www.cifn.unam.mx/Computational_Biology/ regulondb/
INTRODUCTION
RegulonDB is a relational database containing information on mechanisms of transcriptional regulation as well as operon organization in the Escherichia coli K12 chromosome. Our previous publications in this journal explain in detail the design of this relational database as well as subsequent modifications (1, 2) . The relational design has been modified in some aspects in order to add flexibility to the database. We have enriched the knowledge on transcriptional regulation by incorporating new regulatory elements, the Shine-Dalgarno ribosome binding sites (RBSs), as well as rho independent terminator signals (3). Furthermore, in addition to annotations gathered from the literature, basically from MEDLINE and PubMed (4), we have added predicted promoters, regulatory sites and operons, based on sequence analyses. These predictions are clearly marked, so that they can be easily distinguished from information gatherered from the literature. Methods for such predictions have been previously described (5, 6) . In this way, every gene in the chromosome is assigned to a known or predicted transcriptional unit. We have added individual links of genes in RegulonDB to genome-wide expression data gathered in the laboratory of F.R.B. (7).
COMPUTATIONAL INFRASTRUCTURE AND RELATIONAL DESIGN
RegulonDB uses a relational database scheme. The design of the database has previously been explained in detail (1) . This year we have migrated the database from Sybase to Oracle 8 Server. Forms to access the information from the web have been implemented using the software Developer 2000 and PL-SQL query language (Copyright © Oracle Corporation).
The relational design has been modified, motivated by the requirement to make it more flexible so that partial information can be continuously incorporated as it is gathered from the literature. Thus, operons do not necessarily require a promoter anymore and vice versa. Predicted objects based on computational analyses are internally distinguished by their absence of an ID, so that they can be more easily modified in future improved analyses. The user will easily identify predicted from known objects, although a given operon can be formed by a mixture of known and predicted regulatory elements. Predictions are kept so as to complement what has been gathered from the literature. New tables were added to deal with terminator signals, and Shine-Dalgarno RBSs. We have divided gene products into three classes: (i) regulatory polypeptides, (ii) polypeptides and (iii) RNAs, with their corresponding tables linked to the gene Each transcriptional unit encodes information about one promoter, the set of contiguously located genes that are being transcribed and a terminator, all of these associated to a given condition of expression. One single operon may involve several transcriptional units. The structure of an operon can always be recuperated as the longest transcriptional unit that may share genes with smaller ones. The expression levels for each gene are accessed via a link to an external file, so the relational design is not affected.
Within the site table we have added the sequence of the binding site for a specific regulatory protein. This sequence may differ from the sequence in the alignment associated to the regulatory protein. This will eliminate the error of the user considering the aligned sequence to be exactly the experimental site. Protein complexes, limited to regulatory proteins in RegulonDB, describe the type of symmetry of the binding site for that protein. Table 1 shows the number of objects as of October 1, 1999 in RegulonDB. The updated version of this overview table can be accessed on the web. The web address for the overview table, together with additional links to related databases and tools for upstream analysis are described in Table 2 .
OVERVIEW OF THE CURRENT DATA
As can be observed, the current version of RegulonDB has an increased amount of information, as well as new regulatory elements describing operons and transcriptional regulation in a more comprehensive way. Current information on transcription units correspond in fact to operons, except for eight cases which are multiple transcripts of some few operons. The complete set of genes for the E.coli K12 chromosome have been incorporated. Their names and synonyms were obtained from the annotation of the E.coli genome and kept strictly conserved so that the name in RegulonDB corresponds to the name of F.R.B.'s database. All known promoters, regulatory interactions and operons have at least one link to an external database (usually MEDLINE, but also GenBank). We have tried to reference the original publications wherever possible.
OVERVIEWS AND EXAMPLES
Complex operons can transcribe subsets of genes under different physiological conditions by means of different promoters and internal terminators, as illustrated, among many others, by the nlpD-rpoS, rpsU-dnaG-rpoD, focA-pflB and rpoH transcription units (8) (9) (10) (11) (12) The information contained in RegulonDB is pertinent to compare and analyze transcriptional global studies of gene regulation in E.coli, as well as, potentially, in other related bacteria.
AVAILABILITY
RegulonDB 3.0 can be accessed though the URL: http://www. cifn.unam.mx/Computational_Biology/regulondb/ . We kindly ask users of RegulonDB to cite this article.
